Introduction
The dominant global-scale wave in the low-latitude mesosphere and lower thermosphere (MLT) is the (1,1) diurnal migrating tide generated primarily by solar heating in the troposphere and propagating into the middle atmosphere. Three-dimensional numerical simulations by general circulation models [e.g., Fesen et al., 1986 ] are unsuited to the study of long-term tidal variability due to their complexity and consequent computational requirements. Most theoretical treatments of solar tides employ two-dimensional linearized equations, and an approach derived from classical tidal theory [Chapman and Lindzen, 1970] . Improvements over the classical theory include the addition of the effects due to molecular and eddy diffusion, differential cooling, electrodynamic forces, and background winds and temperature gradients. These advances have been reviewed by Vial and Forbes [ 1989] .
By taking advantage of updated heating rates [Groves, 1982a, b] and improved eddy diffusivity parameterizations [Garcia and Solomon, 1985] , Forbes and Vial [1989] were able to simulate the seasonal variability of the semidiurnal tide, and Manson et al. [1989] found these predictions to be in reasonable agreement with radar observations. However, until very recently there has been no attempt to reproduce the strong seasonal variability of the diurnal tide which has been detected both from the ground [e.g., Vincent et al., 1989 ] and from space [Hays et al., 1994] . One of the aims of the latest version of the global-scale wave model (GSWM), developed by Hagan et al. [ 1995] , is to address this type of tidal variability. The numerical framework of the GSWM is based upon the model by Forbes [ 1982] , but incorpo- 
HRDI Observations
The inclination of the UARS orbit is 57 ø and the HRDI telescope views a parallel strip at a latitudinal distance of about 15 ø from the orbital track. Consequently, the maximum latitude observed is 72 ø in one hemisphere and 42 ø in the other hemisphere. Over the course of a 24-hour period, HRDI obtains complete longitudinal coverage. During the daytime, measurements are collected over the altitude range 50-115 km, while at night, a relatively narrow 02 emission layer is observed, effectively restricting the HRDI wind data to a single altitude near 95 km [Burrage et al., 1994] . On a given day the local time of the observations at a fixed latitude is nearly constant. A slow precession in the UARS orbit of 5 ø in longitude (corresponding to 20 minutes in local time) per day provides a coverage of all local times in about 36 days. Thus, HRDI is able to readily detect coherent local time effects, such as the migrating diurnal and semidiurnal tides, by combining data collected over several weeks. In addition, the accumulation of over 3 years of data facilitates the study of seasonal variability.
Despite the local time restriction of the HRDI sampling on a single day, it is possible to obtain daily estimates of the diurnal tidal amplitude and phase. This is because monthly mean profiles of the diurnal tide are relatively stable in latitude and altitude since they are dominated by the tidal mode corresponding to the (1,1) Hough function. To avoid significant contamination from mean winds and the mesosphere semiannual oscillation (MSAO), the analysis is limited to the meridional wind component. The technique has been described by Hays et al. [1994] , and only a summary is given here. Comparisons With the GSWM GSWM simulations of the diurnal tide are presently limited in the resolution of seasonal variability by the availability of only four monthly mean tropospheric forcing rates [Groves, 1982b] , corresponding to January, April, July, and October. There is currently no capability to simulate interannual variability. Consequently, for comparison with the model, the more than 3 years of HRDI amplitudes and phases were combined into twelve monthly averages (e.g., January 1992, January 1993, January 1994, and January 1995 were used to produce the January values) yielding an observational mean seasonal climatology. In Figure 2 the comparison of the observed and simulated seasonal variations are presented for a latitude of 20 ø and an altitude of 100 km. The amplitudes are in good agreement for June and July, but for April and October the model indicates a much weaker tide than is observed. Clearly, HRDI detects a much larger seasonal variation in amplitude than is predicted by the GSWM. It should be noted that although the HRDI climatology was generated by combining different years, the degree of seasonal variability is rather similar throughout (Figure 1) . Unlike the results of the HRDI analysis, which is designed to extract the (1,1) component of the diurnal fide, the GSWM tropospheric forcing includes contributions from the (1,-2), (1,1), (1,-4), (1,-1), (1,3) , and (1,2) modes [Groves, 1982b] . The new strato-mesospheric forcing in GSWM does not invoke the approximations associated with modal decomposition so that the model cannot be employed to generate only the (1,1) component of the fide. This will cause some discrepancy between the predictions and the observations (e.g., the model shows In the absence of background winds, gravity-wave stress and eddy diffusivity [case (c) in Figure 4 ], GSWM meridional amplitudes peak in excess of 100 ms 4 near 102-kin altitude and 20 ø latitude. They are weakest in July, comparable during January and April, and strongest during October with July/October differences approaching 40%. These results suggest that there is significant seasonal variability in GSWM thermotidal forcing and that these signatures are not directly manifested in the model meridional amplitude predictions when background winds and dissipative processes are included (Figure 2) . Thus, the weak seasonal variability of the GSWM meridional wind amplitude is largely attributable to the tidal dissipation employed in the model. These results point to the need for improvements to the parameterization of tidal dissipation in GSWM. Several investigations are underway but a simple tuning of the eddy diffusivities to match the GSWM diurnal tide to HRDI observations is not justified. First, such a scheme would produce an unrealistically large semidiurnal fide. Further, effects of gravity-wave stress on the diurnal tide are currently invariant with season in GSWM and will be further developed to include seasonal variability. Investigating the seasonal variability of gravity-wave drag effects is promising, since these only affect the diurnal component [e.g., Via/and Forbes, 1989] . Finally, there is a body of ground-based evidence to be considered. For example, Nakamura eta/. [ 1993] observed larger gravity-wave wind variances under solstice conditions than during the equinoxes, which is consistent with the observed semiannual variation in the amplitude of the diurnal tide. Further evaluation of, and extension to, the current parameterization of tropospheric thermotidal forcing in the GSWM [Groves, 1982b] is also planned, since the current scheme is based upon 3-month averages of humidity measurements which are more than 30 years old.
Summary
The (1,1) diurnal tidal amplitudes have been derived for the more than 3-year span of the HRDI meridional wind data set. This has revealed a strong interannual variability in the diurnal tide, and in particular the amplitudes obtained prior to June 1993
